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CHAPTER - 1 
INTRODUCTION 
Glycine max (L.) Merrill commonly called as Soybean 
Is a member of Papllionaceae, cultivated generally in Asia, 
Australia and Africa. Genus Glycine include some forty 
species, out of these three species are recorded in India 
including Glycine max (L.) Merrill. 
The other species of Glycine recorded in India are 
Glycine pentaphylla Dalz., and Glycine .lavanica L., the 
former is found in Konkan, North Kanara (Bombay) and Wynaad 
(Madras) and the later is found in Western Ghats, hills of 
Mysore, Nilgiri and Pulneys up to an altitude of 6000 ft. 
The U.S.A. is the World's largest exporter and producer of 
Soybean. The highest domestic consumption is in Asia, where 
it has been a basic food for centuries. 
Soybean ranks high due to its high protein content 
among the leguminous crops of the world. The green seeds of 
Soybean are used as vegetable* roasted and salted seeds are 
used in cakes and candies. The flour of Soybean seeds is 
used for bakery products. A variety of Soya milk products, 
curd and cheese are also prepared from its seeds. 
In China and Japan a variety of fermented products 
is prepared from its seeds which is used for flavouring the 
dishes. In U.S.A. Soybean seeds are used as raw material 
in a variety of food processing industries. 
In India the Soybean seeds are consumed after splitting 
as dal. It is also used as 'bhunja' or ground in to a meal 
(Sattu) and used in food preparation. It is also used in 
preparation of biscuits, protein rich compounds and Soya milk. 
Considerable work has also been done to popularise the use of 
Soybean milk. About 300 receipes for preparing Indian dishes 
from Soybean has been described by Kale (1937). 
Soybean oil is widely used through out the world for 
human consumption as margarine, salad and cooking oils. The 
oil is also used alone or mixed with other oils as hair oil 
(Jamieson, 19^3* Lager, 1945' Markley, 1950). The oil is 
extensively used in paint, varnish, and enamel indiostries and 
is valued on account of its outstanding colour retention, both 
on exposure and on stoving. The oil can be used also in blends 
with linseed or other drying oils (Chat field, ^9h7i Jordan, 
1951» Lager, 1945» Markley, 1950). 
Soybean lacithin, a by-product of the Soybean oil 
industry is used as a wetting and stabilizing agent in food, 
cosmetic, pharmaceutical, leather goods, paints and plastic 
industries. The oil is also used in the production of soaps 
and detergents, special emulcifiers and rubber products 
(Jainieson, 1943^ Mar'^ey, 1950; Wittooff, 1951). 
Fatty acic^ <5, sterals and tocopherols are the other 
important by-products of Soybean oil. Soybean tocopherol is 
\ised as antioxidents frr vegetable oils (Markley, 1950). Stig-
mas terol and 3itofitevH->T. which are obtained during the alkali 
refining of Soybear oil; are the promising materials for the 
synthesis of harmonss. 
Soybean meal and protein are used in the preparation 
of adhesives, water paints, leather finishes, insulating 
coating, insecticides and fire fighting compounds. The Soybean 
protein is used in the manufacture of commercial synthetic 
fibre. Soybean is also cultivated for green manxire but it is 
not very popular (Piper and Morse, 1923)• Soybean seeds 
contain highest percentage of protein among all the food stufEs. 
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A comparative account of protein contents of some food stuffs 
is given in Table 1» 
Jacob (1951) and Thorpe (19^5-56) gave the amino acid 
composition of Soybean seeds. Globulin and glycinine are 
mainly found in Soybpp'i seeds. Phaseolin, albumin, legumelin 
are also present. The other amino acids present are given 
in Table 3. 
Table - 1 
Name of food stuff Protein(percent) 
Soybean (raw) 43.2 
Ground nut (raw) 26.2 
Bengal gram (without husk) 22.5 
Black gram (without husk) 24.0 
Red gram (without husk) 22.3 
Green gram (with husk) 24.0 
Lentil 25.1 
Mutton 18.5 
Beaf 22.6 
Egg 21.0 
Fish 13.3 
Source - " Health Biilletin No.23" ,1951 
Table - 2 
The Chemical Composition of Soybean Seed 
Content Amount( in percent) 
Prote in 29.60 - 50.30 
Moisture 5.02 - 9.A2 
Fat 
Carbohydrate 
Phosphonxs 
Calcium 
Iron 
Fibre 
Ash 
Source - " The Health of India" 
13.50 -
14.07 -
0.69 
0.24 
1.15 
2.84 -
4.6 
24.20 
23.88 
6.27 
Table - 3 
Amino acid Amount (in percent) 
Cystine 
Methionine 
Lysine 
Tryptophane 
Threonine 
Leucine 
Isoleucine 
Phenylalanine 
Tyrocine 
Histidine 
Valine 
Arginine 
Glycine 
Alanine 
Aspartic acid 
Glutamic acid 
Proline 
Source -
1.1 
1.8 
5.4 
1.7 
2.1 
9.2 
2.4 
4.3 
3.9 
2.2 
1.6 
8.3 
0.7 
1.7 
5.7 
19.0 
4.3 
" The Wealth of India" 
Mature Soybean seeds contain small quantities of 
Carotene (110 i.u./lOO g.), rich quantities of vitamin 
B-Complex, but little vitamin -C. Besides these, vitamin 
D, E, and K are also present. 
Therefore, in view of economic importance and 
other remarkable features, a programme of investigation 
of various aspeclB such as hybridization, mutation breeding 
and indcution of polyploidy has been proposed with a view 
to develop new improved varieties of Soybean with respect 
to high yield, better quality and disease and insect-pests 
resistance. 
New gene recombination can be brought about by 
hybridization. The good quality genes from different 
varieties as well as from different selected species can 
be recombined to produce highly desirable cultivars of 
Glycine max (L.) Merrill. Genetic divergence among parent 
cultivars is important for identifying potential crosses 
(Singh and Ram, 1985). Both intervarietal as well as inter 
specific hybridization have been proposed to generate the 
hybrids showing heterosis. 
The DNA turn over mechanisms in higher plants have 
resulted in great genetic diversity even in closely related 
plant species and 2000 fold variation in genome size 
(Richard 1989). Mutagenesis is important method for inducing 
alteration in the genotype to enlarge the variability of 
qualitative and quantitative characters in a shortest 
possible time and provides good scope for selections. 
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The induction of mutation is brought about by 
using chemical and physical mutagens or by a combination 
of these two. Physical mutagens like X-rays, UV-rays, 
gamma rays, and chemical mutagens like Ethyl methane 
sulphonate (EMS), Diethyl Sulphate (DES), Methyl methane 
sulphonate (MMS.) and Dimethyl Sulphonate (EMS) etc. are 
being used for inducing mutagenesis. 
The interspecific sterile hybrids may be made 
fertile by giving the Colchicine treatment. The amphi-
diploids thus obtained will be stabilized by selfing for 
7 - 8 generations. These amphidiploids will be crossed 
with some other hybrids to get hybrid vigour. 
CHAPTER - 2 
REVIEW OF LITERATURE 
2.1 Origin : 
There is some confusion regarding the origin of Soybean, 
for although the cultigen is generally considered as having its 
origin in north eastern China, the genus Glycine has two major 
gene centres. One is eastern Africa the other in the Australa-
sian region with a secondary centre in China (HO, 1969* Leppik, 
1971' Hymo Witz, 1976). Russian breeders, however, argue that 
cultivated Soybean resulted from centxories of breeding/selection 
from an ancestral form similar to G. sp^a, and that African and 
Australian species were not involved (Ala et al.1976). Soybean 
is a native of south-eastern Asia and is considered, on the 
basis of genetical data, to have originated from a slender, 
prostrate, twining plant, Glycine ussuriensis found wild through 
out eastern Asia (The Wealth of India). The recent theory 
(Broue et al.,1977) based on isoenzyme assays suggests Australia 
as being a likely centre of dispersal for the whole pacific 
region including Chiia, with migratory birds as seed carriers 
(Broue 1978). 
Soybean is frequ'^ ntly referred to as one of the oldest 
cultivated crop whose domestication was long attributed to the 
Emperor Shen Nung, now known to be a mythical personage. However 
domestication is normally preceded by a long period of semi 
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intensive use by farmers. It is remarkable here that Marco 
Polo who spent some two decades in China in the thirteenth 
century, made no direct reference to Soybean, despite its 
traditional lase in Chinese cooking. 
Soybean was originally known as Shu, but is now gene-
rally called 'ta tou', great bean (Hui, 1966; Hymowitz, 1981). 
From China the Soybean spread to the neighbouring countries 
of Korea, Japan (Hymo Witz and Kaizuma, 1979) and South-East 
Asia and finally aroiaid the world. 
Soybean was mentioned in U.S.A. literature in 1804 
(Mease, 1804) as a Forage crop. It was introduced in to arazH 
in 1882 (Daffert, 1882). In 1790, it was cultivated at the 
Royal Botanic Gardens, Kew (Alton, 1814). Prof. Haberlandt 
of Vienna attempted to expand Soybean cultivation in Europe 
between 1875 and 1880 with little success (Morse, 1950). 
2.2 Taxonomy : 
The taxonomic position of Glycine max (L.) Merrill 
has been stated as follows by Bentham and Hooker (1862-83) 
Dicot 
Polypetalae 
Calyciflorae 
Resales 
Papilionaceae 
Glycine max 
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2. 3 Botany of Soybean : 
Soybean, Glycine max (L.) Merrill belongs to the family 
Leguminosae, sub family Papilionatae. It is annual, normally 
bushy, erectplant, usually less than 75 cm in height. The 
plant is much branched, with well developed root and producing 
small pods containing round, usually yellow or black seeds. 
The root system is extensive, with a tap root which may 
exceed 1 m in length, giving rise to many lateral branches. 
However, there is considerable variation between cultivars in 
respect of rate of growth, total weight spread and degree of 
penetration of roots. Studies on root development of Soybean 
in the field indicate three separate phases corresponding to a 
specific period of vegetative development. Extension of the 
tap root and shallow horizontal laterals accompany vegetative 
top-growth; root development to 75 cm is related to flowering 
and pod formation* extensive and deeper penetration of lateral 
roots occurs during seed matxiration (Mitchell and Russell, 1971; 
Barber, 1978). Roots initially elongate faster than above 
ground growth, in field under normal conditions roots of rain 
growth plants have been observed twice as long as above ground 
plant height at the six node stage. Under irrigation this 
relationship was found to extend to the pod development stage 
(Mayaki et al., 1976). Rate of root growth is affected by soil 
temperature (Earley and Carter, 1945) and a range of 27-32''C is 
the optimum for best initial growth. 
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Stem is nornsally round, often hairy, varying in colour 
according to the variety, usually less than 75 cm. in height, 
the lower intemodes becoming woody with age. Nodes which 
develop simultaneously on the main stem and branches tend to 
act similarly, in that they flower at the same time and have 
a similar number of flowers and pods. 
Leaves are alternate, variable in shape, hairy in some 
varieties, normally trifoliate, the three ovate leaf lets borne 
on a long petiole, stipulate and dark green in colour. Maximum 
leaf area index values of 5-8 are usually attained at main 
flowering, and reduce to 4-6 at physiological maturity. Leaves 
are normally shed as the seed-pods ripen. The new i5)per leaves 
have photosynthetic rates much higher than previous leaves. 
Flowers are produced on short racemes originating in 
leaf axils, each inflorescence bearing XJ^ to twenty small purple 
or vdiite flowers vdiich are typically papilionaceous in shape. 
Cool or cold periods adversely affect flower development, but 
have little effect on yield once the seed has been formed. The 
flowering period occurs between 3rd and 4th weeks but it is 
extended upto 6th weeks in some cases. The ratio between flower 
produced and pods set is very low, often less than 25 per cent, 
and the reason for this :is still imperfectly understood. It 
may be that, as with ground-nuts, it is an evolutionary produced 
survival mechanism. 
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The fruit is rormally a short, hairy pod which can 
vary from 2 to 10 cm in length and 2 to 4 cm in width accord-
ing to variety. Pods normally shatter when ripe, releasing 
the seeds, the rate and degree of shattering being a varietal 
characteristic. The pods usually contain three occassionally 
more, small, hard round or ovoid seeds, usually between 5 and 
10 cm in diameter v/lth a smooth, shiny testa and a small 
distinct hilum. Seed colour may be yellow, green, red, brown, 
black or slightly mottled according to variety. 
2.4 Cytology of Soybean : 
2 .4 .1 Chromosome Number : 
It is postulated that Soybean is an ancient polyploid 
vdiich has now stabilised, and for all practical purposes may 
be considered as a diploid. However, vAiile tetraploid plants 
can be created by a chance doubling of chromosome, the reverse 
a halving of chromosomes number is almost unknov/n. Several 
workers (Lu, 1966; Leepik, 1971» Broue, 1977 and Hyraowitz and 
Newall, 1981) have given the chromosome number in accordance 
with geographic distribution of species in the genus Glycine 
wiiid. (TtiUeZo)' 
2.4.2 Karyotypic analysis of Soybean : 
Since the Soybean has numerous small chromosome not 
r ead i ly recognizable morphologically, the Karyotypic analysis 
i s d i f f i c u l t . A quflnl l t r t ive approach to Karyotypic analys is 
Table - 20 
Species 2n Distribution 
Subgenus Glycine 
1. G.clandestina Wendl. 
"teu Var. sericea Benth, 
2. G. falcata Benth. 
3. G. latlfolia(Benth) 
r?ew & Hym. 
4. G. latrobeana(Meissn.) 
Senth, 
5. G. canescens F.J. Herm 
6. G. tabacina (Labill.) 
len^EEu 
7. G. tomentella Hayata 
40 
40 
40 
40 
40 
40 
Australia; S.Pacific Islands 
Australia 
Australia 
Australia 
Australia 
Australia 
40,80 
38,40 
78,80 
Australia; South Chinai 
Taiwan 
S . P a c i f i c I s l a n d Ryukyuls. 
A u s t r a l i a ; S. China 
Taiwan* P h i l i p p i n e s ; 
Papiia New Guinea. 
Subgenus So.ia (Moench) F . J , Herm, 
8. G, so.ia S ieb & Zucc. 40 China; Taiwan; Japan; 
Korea; USSR 
9. G. max (L . ) Merr. 40 Cul t igen 
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in Soybean is described by Q.N. Ahmad (1983), E.J. Britten and 
D. E. Byth (1983) using data from six cells selected on the basis 
of degree of contraction of the chromosomes and which were shcvfn 
to be homogeneous statistically, 
2.5 Breeding of Soybean : 
A fresh Interest in Soybean breeding became evident in 
India with the preliminary studies conducted at Pantnagar and 
Jabalpur during the year 1963 and 1966 using improved varieties 
from U.S.A. Some of American varieties yielded 30 to 36 quintEQ. 
per hectare. Encouraged by these results, the Indian Council 
of Agricultural Research initiated an All India Co-ordinated 
Research Project on Soybean in 1967 with three main centres^ 
(l) Pantnagar, (2) Jabalpur and (3) Delhi and several sub-
centres covering different agro-climatic regions. Out of these 
three research centres in India, Pantnagar is the leading centre 
for Soybean breeding. Soybean breeding was initiated at G. B. 
Pant University of Agriculture and Technology Pantnagar in 1967. 
Since then eight Soybean varieties namely Bragg, Ankur, Alankar, 
Shilajeet, PK-262, PK-3O8 and PK-416 have been released from 
this University. Bragg was on introduction and the other seven 
varieties were developed here. During the process of varietal 
development, a large number of new breeding lines were generated 
through hybridization and selection. These new breeding lines 
can also be utilized in crossing programmes to create further 
variability, however, for effective use of these lines in 
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crossing programme, genetic divergence is important (Singh and 
Ram, 1985). Arunachalam (1981) reported that more diverse the 
parents, greater the chances of obtaining heterotic F1 and 
broad-spectrum variability in segregating generations. 
Based on the genetic diversity analysis, several advanced 
breeding lines have been developed using Glycine formosana as a 
source of resistance to yellow mosaic (Singh et^ al., 197A and 
Ram et al,, 1984). The sample of this species was recently 
sent to Royal Botanical Gardens, Kew, England for identification 
and now the correct name and synonyms for this are Glycine max(L.), 
Merrill. Subsp. So.ja (Sieb & Hucc.) Ohashi, Synonyms: Glycine 
So.ja Sief and Zucc. and Glycine formosana Hosokawa. 
The genetic distance has a definite role in an efficient 
choice of parents for hybridization programme. The utility of 
multivariate analysis for measioring the degree of divergence 
between biological popialations and for assessing the relative 
contribution of different characters to the total divergence 
has been established by Broich and Palmer (1980) in V/ild and 
domisticated Soybeans, Based on multivariate analysis, Bartual 
ejt al. (1985) have identified some Soybean lines as likely 
parents for use in a breeding programme to improve agronomic 
characteristics. 
Selection is another important tool in the breeding of 
Soybean. Lucchin et al.(1989) described the effectiveness of 
selection on Soybean, (Glycine max(L.) Merr.) population with 
different degree of homozygocity. 
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2.5.1 Combining Ability In Soybean : 
To permit the identification of hybrids capable of 
showing genetic advance in early generation in a breeding 
programme of self pollinated crops, it is imperative to 
characterise the nature and magnitute of gene action govern-
ing the inheritance of yield and related components (Kaw and 
Menon, 1980). They studied all possible matings (excluding 
reciprocals) between a group of 10 parents and the extent of 
their combining ability for certain quantitative characters 
in Soybean. 
Sharma and Sharma, (1988) studied the combining ability 
in 10 X 10 parental diallel progenies for seed yield and its 
component characters. They described that the crosses with 
high sea effects were involved in majority of cases, both 
poor or good combiners, and in some cases one being good and 
other being a poor combiner. Srivastava et al.(1978) studied 
combining ability for yield and five contributing traits in 
Soybean in 7 x 7 diallel mating design dxoring Kharif 197A. 
They described parents 'PLSO 17', 'Lee' and 'Bragg' as good 
general combiners when 4 to 6 traits were considered at a time. 
On the basis of both sea effects and natiare of gene action 
involved in the expression of yield and its component traits 
they described '17' x 'PLSO 17' and 'JS-2' x 'UPSS 38' as most 
promising for exploitation in breeding programmes. 
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Sumarno (1989) conducted an interspecific hybridiza-
tion between improved cultivar Orba and Wild type (Glycine 
So.1a), He made back crosses using improved cultivars and 
recurrent parents in 1983 and 1984 and studied the breeding 
population containing wild type germplasm for desirable 
agronomic characters for the possible pure line selection. 
2.5.2 Mutagenesis in Soybean : 
The genius research of Muller (1927) and Stadler(1928), 
almost 43 year ago, gave birth to the 'mutation breeding' 
which represents a new departure from the conventional breed-
ing procedures in agriculture and is considered a latest 
addition to them. Mutagenesis has been a convenient and 
adequately effective biological tool for induction of varia-
bility in crop plants. The variability so generated is consi-
derably large and it responsed well to selection procedures 
(Gregory, 1956; IAEA, 1970* Ram Chandran, 1985 and Khan, 1988). 
Fujii and Tano (1986) studied the mutagenic activities 
of EMS on somatic (Ml) and recessive (M2) mutations in the 
Soybean test system. They studied somatic mutation induced 
by EMS in M1 Soybean plants and the segregation of chlorophyll 
deficient mutants in the M2 population. They opined that dose 
VS mutation frequency relationship were not concomitant between 
somatic and recessive mutations. Fujii (1981) examined the 
mutagenic effect of L. Ethionine in Soybean. He concluded that 
a concentration of abcut 0.5 mg/ml or more enhanced somatic 
mutation frequency in Soybean. 
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Vig et al. ,(1976) studied the induction of somatic 
crossing over and specific locus mutations by MMS in Soybean. 
Fujii (1980) explained that furyl furamide (AF - 2) induced 
somatic mutations in Soybean. Vig (1975) studied the effect 
of environmental mutagens on genetic parameters in Soybean. 
The mutagenic effect of a pesticides (Ekatin) in the Soybean 
test system was studied by Fujii and Inove (1983). The 
absence of mutagenic activity of benzol (a) pyrene in the 
Soybean test system was also studied by Fujii and Inove(1985). 
Arenaz (1978) studied the inability of amino azotoluene 
to induce somatic crossing over in Soybean, he opined that 
this drug did not increase the frequency of mutation or somatic 
crossing over in this system. Arenaz (1977) reported that 
Hycanthone Methane Sulphonate did not increase the frequency 
of mutations or somatic crossing over in Soybean. Timson(1977) 
studied that Caffeine increased the rate of mitotic crossing 
over in Soybean. Vig (1971) studied the increase induced by 
colchicine in the incidence of somatic crossing over. He also 
reported( 1973) the effect of some inhibitors of D.N. A. synthesis 
on the induction of somatic crossing over and point mutations. 
Turkov ei al. (1988) described the structural chromosome 
mutation in cell engineering methods of plant breeding. Kiang 
and Halloran (1977) induced the early dwarf mutant condition in 
Ml generation after treatment of the Soybean Cultivar Wayne 
with EMS (0.05 M for 6 h at PH 7). The implication have been 
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out lined of being able to induce maturity variation by 
chemical mutagenesis in Soybean introduction programmes. 
Borejko (1970) described the production of induced mutation 
in Soybean. 
2.6 Production of Soybean i 
Soybean provides a ma;)or world source of plant protein, 
vegetable oil and animal feed. Twenty per cent of world 
supply of fat and oil comes from Soybean, more than from any 
other vegetable or animal sources. 
U.S.A. is the largest producer of Soybean in the world, 
and contributes about 7^% of the total production, followed 
by China (129^ ) and Brazil (8%)^ (Samba Murty and Subrahmanyam, 
1988 ). 
World acreage of Soybean is 52.6 m ha and the annual 
production is estimated to the extent of 83. 5 m mt. 
The following table shows the production of Soybean in 
India. 
Table 21 
All India Statistical figures for Soybean (198A) (Statewise). 
State Area Product Yield ^^^ 
('000 ha) (»000 tonnes) (Kg/ha) 
Gujrat 11 4.5 
M.P. 615 440 715 
Sikkim 4 3 -
u.p. 13 17 1303 
All India Total 367 ' 490 639 
Source. Directorate of Economics, ICAR, New Delhi(l984) 
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2.7 Genomic relationship and crossabillty betv/een 
Glycine Max (L.) Merr. and Glycine So.ja Sieb. and Zucc, 
Singh and Hymowitz (1989) described the genomic relation-
ship between Glycine Max (L.) Merrill and Glycine So.ja Sieb. and 
Zucc. as revealed by pachytene chromosome analysis. This study 
was conducted with the objective of determining the genomic 
relationship between cultivated Soybean (Glycine max) and Wild 
Soybean (Glycine So.ja) of the sub genus Soja, genus Glycine. 
Observation on crossabillty rate, hybrid viability, meiotic 
chromosome pairing and pollen fertility in F1 hybrids of G. max, 
G. So.ja and reciprocals eluclated that both species hybridized 
readily and set mature putative hybrid pods. The cytological 
study of F1 hybrids suggested that Glycine max and Glycine so.ja 
carry similar genomes and validates the previously assigned 
genome symbol GG. Verdcourt (1966) prepared a revised treat-
ment of the genus Glycine for the Flora of Tropical East Africa 
and he found that the type specimen for the entire genus was 
in fact a pueraria. At present, G. max (L.) Merrill, synonymous 
with G. hisplda. Soya max., Doliches so.ja etc. is placed in the 
Subgenus Soya(Moench) F.J. Herrm. together with G. So.ja Sieb 
and Zucc. (also known as G. Pssuriensis). Both have 2n s 40 
chromosomes as the most of the members of the subgenus Glycine 
L. Verde. 
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2 .7 .1 Pedigree of some Important v a r i e t i e s of Soybean t 
Var ie t i es Pedigree 
Ankior Derived from a composite cons i s t -
ing of 22 crosses . 
Alankar D-63-6094 (Hi l l k x P I -171-4^ ) X 
Barchet. D-61-4249 (CD49-2416) 
(S-100 X CNS). 
Shllajeet Single plant selection from 
EC-9309 
P.K-416 (UPSM 534 x S-38) 
Clark-63 (Clark (5) x (L-49-4091) x 
Clark (6) x Black howk). 
G. formosana V/ild looking Soybean 
2.8 Male sterility in Soybean I 
The most common type of reproductive mutations observed 
in Soybean (Glycine max (L.) Merrill) are those that induced 
male sterility. Graybosch and Palmer (1988) reported that the 
high frequency of occiirence of male sterile mutations indicated 
that a niMber of genes Influenced the processes of microgameto-
genesis and microsporogenesis. Genetic mutations that inhibited 
developmental processes within either stamens or pistils resulted 
in reproductive sterility. 
Sterility inducing mutations of Soybean are of tvro types: 
(1) Male sterile, female fertile (MS-FF) mutation and (2) Male 
sterile, female sterl'e (MS-FS) mutation which arise through 
mutations in single Mendelian locus. F1 sterility in Glycine 
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l i k e l y a r i s e s as a consequence of genome d i v e r s i f i c a t i o n 
between the contr ibut ing pa ren t s . 
Johns and Palmer (1982) studied the s t e r i l i t y in Soybean 
mutant (MS-FS) and found t h a t the s t e r i l i t y was due to abnor-
mal i t ies of F lora l organogenesis which prevented both autogamy 
and allogamy. In Soybean p l an t s carrying mutations (MS-FS) the 
interr\;q?tion of pa i r ing between homologous chromosomes during 
meiosis may be due to desynapsis (Hadley and S t ames , 196A»' 
Palmer, 1974a# Palmer and Kaul, 1983). The absolute s t e r i l i t y 
of MS-FS types l i m i t s t h e i r p o t e n t i a l for app l ica t ion to Soybean 
breeding and genet ics . However, the few viable ovules produced 
by these mutants often generate aneuploid or polyploid seedlings 
(Palmer 1974» Palmer and Heer, 1976) useful in linkage ana lys i s . 
The MS-FF mutations a r i s e spontaneously in breeding 
populations except ms5. The ms5 mutation was induced through 
mutagenesis (Buss, 1983). Graybosch, Edge and De-lannay, 1987a) 
recovered two pu ta t ive male s t e r i l e mutations from t i s sue 
cu l tu re derived l i n e s , but gene symbols have yet to be assigned. 
Field-grown male s t e r i l e Soybean p lan t s are recognised by a 
number of phenotypic c h a r a c t e r i s t i c s including diminished pod 
production, the presence of seedless parthenocarpic pods, a 
high frequency of one seeded or two seeded pods. 
To date , MS-FF mutations have been mapped to six dlstirKrt, 
independent l o c i . Pis.. -t homozygous recess ive for mutations a t 
any one locus are male s t e r i l e . In addi t ion, six independent 
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occurrences of mutations at the ms1 locus have been reported 
(Palmer £t ^ . , 1978a and Skorupska and Palmer, 1987). 
Graybosch and Palmer (1987) reported two occurences at the 
ms3 locus. Mutations at the remaining loci have been isolated 
once. All the MS-FF mutations of Soybean are inherited as 
monogenic recessive characters. 
Davis (1985) reported cytoplasmic male sterility in 
Soybean. He describe the production of cytoplasmic male 
sterility through the combination of the cytoplasm from the 
cultivar EIF (Cyts R1 R1 R2 R2) with two distinct pairs of 
recessive genes for male sterility (r1 r1 and r2 r2). 
Sixteen linkage groups have been established in Soybean 
by analysing segregation ratios in the F2 and subsequent gene-
ration. It was reported that these linkage groups contain more 
than 39 known loci (Palmer and Killen, 1987* Palmer and 
Shoemaker, 1987). The msl locus is situated in linkage group 8, 
along with the genetic markers w1, wm, st5, and the break point 
of a translocation from Glycine So.ja Sieb. and Zucc. (Palmer and 
Kaul, 1983). Sacks and Sadanaga (1984) assigned linkage group 8 
to the Satellite Chromosome, the only morphologically distinct 
chromosome in the Soybean karyotype through the use of two 
independent reciprocal translocations. 
2.8.2 Effects of male sterility on male reproduction : 
Several workers (Albertsen and Palmer, 1978* Palmer ejt al. 
1980; Delannay and Palmer, 1982; Stelly and Palmer, 1982. Buntman 
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and Homer, 1983 and Graybosch and Palmer, 1985a, b and 1987) 
have reported developmental reproductive cytology of male 
sterile plants for five of the MS-FF mutations. 
Pollen differentiation in male-fertile Soybean is the 
result of successful development of two distinct tissue layers 
within the another, the tapettun and the reproductive cells. 
Each Soybean • ftather generates between 300 and 800 pollen grains 
(Palmer et al. 1978b). 
2.8.2 Effects of male sterility on female reproduction in 
Soybean : 
Abnormalities of female reproduction most frequently are 
detected in plants carrying the msl mutation. Male sterility 
in this system is the result of the failure of past meiotic 
cytokinesis (Kennell and Horner, 1985). Polyploid and poly^ 
embryonic seedlings are common among progeny of open pollinated 
male sterile (msl ms2) plants (Kenworthy et al. 1973* Beversdorf 
and Bingham, 1977). Chromosome numbers reported range from 20 
to 200. Cutter and Bingham (1977) studied the mechanism for 
development of polyploidy and polyembryony and formulated that 
polyembryony resulted from the genesis of miiltiple egg cells 
and elevated ploidy levels arose throu^ the fusion of the extra 
nuclei. Triploids Soybean plants have not been recovered from 
crosses between male fertile kn and 2n plants, presiamably as a 
result of the failure of endosperm development (Sadanaga and 
Grindeland, 1981). The endosperm formation may be dependent on 
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the occiirance of a 1:2 ratio of paternal t maternal genomes 
Lin (1984). Carter et al. (1986) have suggested a decrease 
in female fertility to be associated with msp but no cytolo-
gical study have been conducted. Sadanaga and Grindeland 
(1981) recovered five trisomies, one tetraploid and one plant 
containing cell of variable chromosome numbers from ms2 male 
sterile plants. 
2.8.3 Importance of male sterility in Soybean : 
Brim and Stuber (1973) reported that MS-FF mutations 
had been used in breeding programmes as means to facilitate 
crossing experiments and increase the number of novel recombi-
nant genatypes available for testing by breeders, to generate 
random mating populations for use in recurrent selection 
programs and to test the feasibility of commercial production 
of hybrid Soybean seed. Male sterile line also used in intro-
gression of genes from primitive Soybean lines in to adapted 
modem cultivars (May and Wilcox, 1986). Carter et al. (1983b) 
developed a method to facilitate the backcrossing of MS-FF 
characters in to new genetic backgrounds. Nelson and Bernard 
(1984) used MS-FF lines to produce F1 seed for testing of F1 
heterosis. 
Boerma and Moradshahi (1975), Koelling et al. (1981) 
Carter, Burton and Huie (1983a) used male sterile lines to 
study the movement of Insects within and between rows of Soybean 
plants, the visitation ox honeybees and leaf cutter bees to 
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Soybean p lan t s In caged p l o t s , and level of seed production 
in male s t e r i l e Soybeans planted under f i e ld condi t ions , 
respect ive ly . 
MS-FF mutation l i n e i s usefxil in a number of genetic 
and cytogenetic s tudies . The haploids and t r i p l o i d s have 
been used to provide anevploids, useful in chromosome mapping 
experiments (Beversdorf and Bingham, 1977). Crane e t al .(1982) 
studied meiotic chromosome pa i r ing in haploids . The occurance 
b iva lents in haploids , t e t r a v a l e n t s and hexavalents in t r i p l o i d s 
and secondary assoc ia t ions in both types st?)ports the hypothesis 
of Bernard and Weiss (1973) t h a t the Soybean genome arose via 
polyploidiza t ion. 
2.9 Pathology of Soybean : 
Many of the insec t s t h a t a t t ack various legumes commonly 
grown for food or forage around the world also damage soybean, 
and vrtien the crop i s introduced in to a ro t a t ion i t i s to be 
expected t h a t loca l legume pes t wi l l also a t t ack Soya p l an t s . 
To i l l u s t r a t e the va r ie ty of i n sec t s to be found in Soybean 
f i e ld s 5A0 species were col lec ted over a 3-year period in the 
Southern USA (Blickenstaff and Huggins, 1962). In Japan 220 
species of 65 famil ies in 13 order were found to be pes t s of 
Soybean, but only 30 species caused economic damage (Kobayashi, 
1976). 
Insec t s not only reduce yield by d i r e c t l y damaging p lan t 
p a r t s , they also indirec l.ly depress yield. Bean leaf beet le 
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larvae inury, for instance also caused reduction of nodulation 
and thus nitrogen fixation (Newsom e^ al. , 1978). 
Several nematode species feed on Soybean but are gener-
ally of little importance (Edwards, 1976). Nematode damaged 
plants are usually Stunted, Chlorotic and tend to wilt earlier 
than healthy plants under moistvire stress. However, the 
presence of the nematodes are not always be undesirable, since 
a relationship between a mycorrhizal fungus and root-knot 
nematode has been shown to be beneficial to Soybean (Kellam 
and Schenck, 1980). 
There are now some 100 pathogens known to attack Soya, 
of which about AO are of economic importance (Sinchair 1977). 
The most serious disease of Soybean on a world wide basis is 
bacterial blight caused by Pseudomonas Syringae Van Hall 
(synonym: P. glvcinea). 
A large number of viruses have been associated with 
Soybean, but only three are considered of economic inportance 
(Ford & Goodman, 1976). Virus infection affect vegetative 
plant parts, reduce oil percentage, nitrogen and protein contents 
of seed. 
The fungi most often associated with loss of seed viabi-
lity in storage are alternaria, Aspergillus, penicillium and 
Rhizopus, but stored seed may carry other infections orignally 
contracted in the field. 
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2.9.1 Common Soybean diseases, their pathogen and distribution: 
Name of the disease Pathogen 
Fimgal 
Purple seed stain 
Frog eye leaf spot 
Pod & Stem blight 
Blight, Wilt, 
pod rot 
Powdery mildew 
Leaf rust 
Root and Stem rots 
Bacterial 
Bacterial blight 
Bacterial pustxale 
Viral 
Dwarf Virus 
Soybean mosaic 
Bud blight 
Yellow mosaic 
Cercospora kikuchii 
Cercospora so.iina 
Diaporthe phascolorum 
Fusarium oxysporum 
Peronospora manshurica 
Phakospora pachyrhizi 
Phytophthora Spp. 
Pseudomonas syrinae 
Xanthomonas ampelina 
Soybean dwarf virus 
Soybean mosaic virus 
Tobacco ring spot virus 
Yellow mosaic virus 
Distribution 
Widespread 
V/ide spread 
Widespread 
Widespread 
Widespread 
Asia-Australia 
North-America 
World wide 
World wide 
Indonesia 
World wide 
V/orld wide 
Widespread 
2.10 Effect of day length and temperature on the flowering 
of Soybeans : 
Lee, e t al.(19B7) studied the ef fec t of day length and 
temperature on the flcu-erlng of Soybean v a r i e t i e s . They had 
grown t h i r t y Soybean va r f^ t l e s under d i f fe ren t day length 
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(na tu ra l , l6-hours and 10-ho\ars) photoperiods, with natura l 
temperature condit ion. They found no v a r i e t a l difference for 
day to flower in the 10 hour photoperiods but a grea t deal of 
difference in the na tura l and 16 hour photoperiods. The 
response of two Soybean v a r i e t i e s namely Kwangkyo, and 
Danyeopkong to tenperature and sunshine was studied by Park 
e t a l . (1989). They concluded t h a t average tenperature during 
growing season was inef fec t ive in grain and y ie ld conponent but 
sxmshine hour was ef fec t ive in number of pod per p l an t , 100 
grain weight and grain yie ld . Sumraerfic e t al . (1979) reported 
t h a t Soybean was highly photoperiodic, since a va r i a t ion of 15 
minutes in day length may be su f f i c ien t to i n h i b i t flower 
development in a specif ic var ie ty . 
Tenperature i s a lso most important fac to r for flowering. 
The optimum range for most c u l t i v a r s i s 30-33 *'C day tenpera-
tu re . Thomas and Raper (1978) reported t h a t an increase in 
night temperature to around 24"C, decreased the time to flower-
ing. Stepanova and Korsakov (1977), described an average a i r 
temperature of 13*C for 10 days a f t e r sowing, 22*0 from 
emergence to flowering, and 15*0 from flowering to matioration 
for the normal growth and development of Soybean p lan t s . 
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CHAPTER - 3 
MATERIALS AND METHODS 
3.1 Materials 
The following foiir Indian cioltivated v a r i e t i e s of 
Soybean Glycine max (L.) Mer r i l l , were lased in the present 
experiment with a view to improve the yie ld and to develope 
some of the o ther promising featxires in t h i s economically 
important crop. 
1. Alankar 
2. Ankur 
• 3. P.K.-262 
4. Shilajeet 
These varieties are well adapted to agroclimatic condi-
tion of Uttar Pradesh (The region incliiding the site of this 
experiment) and are popularly cultivated for different purposes. 
These varieties have been subjected to chemical muta-
genic treatments and investigated for seed germination, seedUng 
growth and other atributes. 
The following chemical mutagens were used: 
1. Diethyl Sulphate (DES) 
2. Caffeine 
3. Methyl Methane Sulphonate (MMS) 
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3,2 Sterilization of soil, manure and pots : 
The soil, manure and pots were sterilized in autoclave 
at 20 lb. pressure, 126'*C temperature in order to make the soil, 
manure and pots free from any infection (Bacterial, Viral, 
fungal, nematodes etc.). The soil and manure were taken in 
Jute bags and kept in autoclave for sterilization. In the same 
manner the earthen pots were also sterilized, 
3, 3 Pots preparation : 
The earthen pots (size 12" diameter) were filled with 
mixture of soil and manure in the ratio of 1:1 and super 
phosphate (5gm), ammonium sulphate ( 5 gm), and muriate of 
potash (2 gm) were also added to each pot containing soil and 
manure mixture. They were labelled with the help of brush using 
black paint. 
3,A Treatment of seeds with mutagens : 
Only the chemical mutagens have been used for induction 
of mutation. 
3.5 Pre~treatment : 
Healthy seeds of uniform size were selected for the 
experiment. The seeds were soaked in distilled water at room 
temperature (30"C) for 10 hours prior to their treatment with 
mutagens. 
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3.6 Checiical mutagenesis : 
For this purpose, 50 soaked seeds from each variety 
were taken. They were treated with 0.596, 1.0%, 1.5%, 2.0%, 
2.5% and 3.0% of W4S for 14 hoiirs at room temperature (30*0). 
Treated seeds were washed thoroughly with distilled water to 
remove the mutagen used or toxic substances secreted during 
treatment. In the same manner the treatments were given 
with DBS and Caffeine, For the purpose of control, 100 seeds 
from each variety were soaked in distilled water for 24 hours. 
3.7 Sowing t 
Sowing was done during the first week of July. The 
seeds were sown in 12" sterilized pots. Fifty seeds of 
different treatments were sown in different pots (5 seeds in 
each pot). Date and time of seeds sowing in the pots were 
noted and pots were properly labelled indicating the variety 
name and the treatments given to the seeds. 
3.8 Watering of pots : 
The pots were watered every 4th day as the proper irri-
gation is related with the yield in soybean. 
3.9 Weeding and hoeing : 
The weekly weeding of pots was done to keep the plants 
healthy and free from in^ 'ects and pests. The weeding was 
acconpanied by 2-5 cm ''•-?? hoeing. 
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3.10 Cytologlcgtl studies : 
Cytological studies were restricted to the microsporo-
genesis only. The buds of suitable size from the control as 
well as from varients of each variety were fixed in Cornoy* s 
Fluid (absolute alcohol 6: Chloroform 3: Acetic acid glacial 1) 
for about half an hour. These buds were transferred to a 
mixture of 3 parts of absolute alcohol and one part of propionic 
acid saturated with fe'^ ric acetate, for a period of 24 hoxjrs 
at room temperature. The material was then thoroughly washed 
with 70% alcohol and stored in it, 
3.11 Study of meiosis : 
The meiosis was studied from propiono carmine squashes 
of pollen mother cells (Swaminathan et al., 1954). The preli-
minary observations were taken from temporary slides which were 
made permanent by using normal butyl alcohol schedule (Bhadurl 
and Ghosh, 1954), 
3.12 Study of pollen fertility : 
The pollen fertility was studied for varients and control 
of each variety. The fresh anther was taken on a slide and 
squashed in 1% solution of aceto carmine and put under cover 
glass. The well filled and stained pollen grains with regular 
margine were considered as fertile while unstained and empty 
pollen grains with irregular margin were taken as sterile. 
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3.13 Incidence of diseases : 
The occurrence of diseases on the plants was noted on 
the basis of apparent synptoms. 
3.14 Yield : 
The average number of pods per plant has been considered 
to determine the yield. 
3.15 Statistical analysis : 
Observation on seed germination in different treatments 
together with their control have been subjected to statistical 
analysis with a view to find out the extent of variation 
induced by the chemical mutagens. The range, standard devia-
tion, mean and coefficient of variability and 't' value have 
been calculated. 
3.15.1 Range : 
The difference between the highest and lowest figure in 
a data is called its range and represented as : 
R - S - H 
where, R = Range 
S = Lowest figui?e 
H = Highest figure 
3.15.2 CalculatioiTL of weejn. i 
Mean x » "W"" 
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3,15.3 Calculat ion of standard deviation ; 
^ V N -1 
- (X^TTNT 
"" V (N-V or "^  = ' * ' 1) 
In case of paired readings of the Individuals of the 
two generations or of two treatments, the mean and the 
standard deviation of their differences have been calculated 
as follows: 
The mean of differences, d = — : ? — 
vdiere d » (x^ - X2) 
The standard deviation of the differences of indivi-
dual observation of the two treatments is calculated as follows: 
^ ;S (d^ ) - (Ed)VN 
N - 1 
The standard deviation of mean differences of the two 
treatments is 
For unpaired samples, the mean of the samples x, and 
X2 and the standard deviation of the sample size N1 and N2, 
( X ) has been calculated as follows : 
' ^ N2 
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and standard deviat ion of the mean differences with N +^N2 - 2 
degrees of freedom 
° d 
3.15.4 Coefficient of variability ; 
The coefficient of variability, in terms of percentage 
is calculated in the following manner. 
r„/u\ Standard deviation of differences ^  ^p.^. 
^^^^^ ' Mean value of the differences "^  ^ ^^ 
3.15.5 Test of significance - *t' test : 
Comparison of the two populations of the two genera-
tions or of those obtained by two treatments will be done by 
' t' test under null hypothesis. 
For paired populations t » -
° d 
W 
X. - Xp y N1 N2 
For unpaired populat ions t « ~5~= xj K'\+ii^ 
The value of ' t ' ( a t 5% or A% confidence leve l ) for 
a corresponding degree of freedom i s taken from the Table. 
I f the ca lcula ted value of ' t* i s l a rge r than the Table-value 
then the differences between the two treatments (two samples 
of the two populations) are taken as s ign i f i can t . 
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CHAPTER - 4 
OBSERVATION 
In the present investigation, the effect of chemical 
mutagens, MMS, DE3 and Coffeine on seed germination, seedling 
growth and other morphological abnormalities were recorded. 
Variability induced by these chemical mutagens with respect 
to seed germination, seedling growth and other morphological 
characters were analysed statistically to assess the extent 
of variation in treated population of M^ generation, 
4.1 Cytological Analysis ; 
The chromosome number was found to be 2n = 40 in all 
the varieties studied with the regular occurance of 20 bi-
valents at M-I. The pollen mother cells showed normal and 
regular meiosis and an equal separation of chromosomes at A-I. 
4.2 Seed germination j 
There was significant effect of chemical mutagens on 
the percentage of seeds germination. Percentage of seed 
germination in control as well as in the material treated with 
MMS, DBS and Caffeine have been given in Table 4, 5, 6 and 7 
while LD^Q dose in the graph A, B, C, D, E, F, G, H, I, J, K 
and L. 
L^^ iS 1 b Ji 
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4. 3 gffgct of seed treatment with mutagens on the 
length of the seedlings : 
Effect of mutagens on the length of the seedlings of 
Alankar, Ankur, PK-262 and shilajeet were studied. The length 
of seedling vfere noted on the 25th day of sowing. The data 
on the effect of mutagens on the k selected varities of Soybean 
are given in Tables 8, 9, 10 and 11. 
4.4 Plant height « 
Mutagenic effect on the height of plants of Alankar, 
Ankur, P. K. 262 & Shilajeet were studied. The plants height 
were noted at the time of flowering. The data are presented in 
the Tables 12, 13, 14, and 15. 
4. 5 Number of pods/plant : 
The effect of mutagens on the average number of pods 
per plant were studied, in the foiar selected varieties of 
Soybean. The datas are given in the Table 16, 17, 18 and 19. 
Table - A 
Effect of different mutagenic treatments on seed germination 
in control and treated material in the variety 'Alankar' of 
Glycine max (L.) Merrill. 
Treatments Seed germination(%) 
Control 80 
MMS - 0.5 96 65 
MMS - 1.0 % 56 
MMS - 1.5 % 49 
ims - 2.0 % 41 
MMS - 2.5 56 35 
MMS - 3.0 % 26 
DES - 0.5 96 67 
DES - 1.0 96 58 
DES - 1.5 96 50 
DES - 2.0 96 43 
DES - 2.5 96 35 
DES - 3.0 96 29 
caffeine - 0. 5 96 63 
Caffeine - 1.0 96 57 
Caffeine - 1.5 96 50 
Caffeine - 2.0 96 44 
Caffeine - 2.5 96 35 
caffeine - 3.0 96 25 
Table - 5 
Effect of different mutagenic treatment on seed germination 
in control and treated material in the variety 'Ankur' of 
Glycine max (L.) Merrill. 
Treatments Seed germination (%) 
Control 82 
MMS - 0,5 % 66 
MTIS - ^ , 0 % 56 
MMS - 1,5 % 52 
MMS - 2.0 % ho 
MMS - 2.5 % 35 
MMS - 3.0 % 22 
DES - 0.5 % 60 
DES - 1.0 % 55 
DES - 1.5 % 45 
DES - 2.0 96 40 
DES - 2.5 % 30 
EES - 3.0 % 25 
Caffeine - 0. 5 9^  75 
Caffeine - 1.0 % 65 
Caffeine - 1.5 % 52 
Caffeine - 2.0 96 42 
Caffeine - 2.5 % 30 
Caffeine - 3.0 96 26 
Table - 6 
Effect of different mutagenic treatments on seed germination 
in control and treated material in the variety 'PK-262' of 
Glycine max (L.) Merrill. 
Treatments Seed germination {%) 
Ck)ntrol 80 
m s - 0. 5 9^  68 
ms - 1.0 % 54 
MMS ~ 1.5 % 50 
IMS - 2.0 % 46 
MMS - 2.5 % 34 
MT'IS - 3.0 % 22 
DES - 0.5 96 62 
DES - 1.0 % 54 
DES - 1.5 96 45 
DES - 2.0 96 42 
DES - 2.5 96 30 
DES - 3.0 96 21 
Coffeine - 0.5 96 74 
Coffeine - 1.0 96 63 
Coffeine - 1.5 96 52 
Coffeine - 2.0 96 45 
Coffeine - 2.5 96 34 
Coffeine - 3.0 96 30 
Table - 7 
Effect of different mutagenic treatments on seed germination 
in control and treated material in the variety 'Shilajeet' 
of Glycine max (L«) Merrill. 
Treatments Seed germination (%) 
Control 75 
MMS - 0.5 96 62 
MMS - 1.0 9i 56 
MMS - 1.5 % 50 
m s - 2.0 % k2 
MMS - 2.5 % 37 
MMS - 3.0 % 23 
DES - 0,3 % Sk 
DES - 1.0 % 52 
DES - 1.5 % 43 
DES - 2.0 96 Al 
DES - 2.5 96 36 
DES - 3.0 % 27 
Caffeine - 0.5 96 69 
Caffeine - 1.0 96 60 
Caffeine - 1.5 96 54 
Caffeine - 2.0 96 43 
Caffeine - 2.5 96 36 
Caffeine - 3.0 96 28 
EXPLANATION OF FIGURES 
Fig. A - LDcQ dose of MMS for the va r ie ty Alankar 
of Glycine max(L.) M e r r i l l . 
Fig. B - LDcQ dose of DES for the va r ie ty Alankar 
of Glycine max(L.) Mer r i l l . 
Fig, C - LDcQ dose of CAFFEINE for the va r ie ty Alankar 
of Ca.ycine max(L.) Me r i l l . 
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Table - 8 
Length of seedlingsCcm) in control aaid treated materials 
in the variety 'Alankar' of Glycine max (L.) Merrill. 
Treatment Range Mean + S.D. Cv(96) 
Control 
MMS -
ms -
MMS -
MMS -
Mr4S -
MMS -
DES -
DE3 -
EES -
DES -
DES -
DES -
0 .5 % 
1.0 % 
1.5 % 
2 . 0 % 
2 . 5 % 
3.0 % 
0,3 % 
1.0 % 
1.5 % 
2 .0 % 
2 . 5 % 
3.0 % 
Caffeine - 0, 
Caffeine - 1. 
Caffeine - 1. 
Caffeine - 2, 
Caffeine - 2, 
Caffeine - 3. 
.5 % 
.0 % 
.5 % 
,0 % 
,5 9^  
.0 % 
7 .5 
7 . 5 
7.0 
6.7 
6 .1 
6.0 
6.0 
7 .0 
7 .0 
7 .5 
7.0 
6 .5 
6.2 
6 .5 
6 .5 
7 .0 
6 .7 
6 .0 
5.1 
— 
-
-
— 
-
-
— 
— 
-
-
— 
-
— 
— 
-
• -
-
-
• • 
9 . 5 
9.2 
8 .5 
9 .0 
9.2 
8 .5 
8 .0 
9 .0 
9 .2 
9 .0 
8 .5 
8 .0 
7.2 
8 .0 
8 .5 
8.0 
7.2 
6 .7 
6 .1 
8 .38 + 0 .67 
8.36 + 0.70 
7 .80 + 0 .50 
7.62 + 0 .81 
7 .78 + 0.82 
7.32 ± 0 . 8 3 
7.02 + 0 .69 
8.50 + 0 .77 
8 .18 + 0 .71 
8.06 + 0 .50 
7 .64 + 0 .54 
7 . 3 + 0 .54 
6.82 + 0 .40 
7 .44 + 0 .56 
7 . 3 ± 0 .67 
7 .44 + 0 . 3 3 
6 .98 + 0 .16 
6.40 + 0 .23 
5.74 + 0 .38 
7.99 
8.37 
6 .53 
10.70 
10.58 
11.37 
9 .88 
9 .11 
8.76 
6.25 
7 .15 
7 .45 
5.89 
7 .53 
9 .29 
4 .54 
2.29 
3.69 
6.66 
/ ^ ^r, r o n t r o l and t r e a t e d m a t e r i a l s 
in the v a r i e t y smifljeei. ^ — i 
Treatment Range 
Mean +^3 .0 . 
Control 
\MS - 0 .5 9^  
i^ yis - 1.0 % 
MRS - 1.5 96 
MMS - 2 .0 % 
l^S - 2 .5 % 
MMS - 3.0 % 
DBS - 0 .5 % 
DBS - 1-0 96 
DES - 1.5 % 
DES - 2 . 0 % 
DES - 2 .5 % 
OES - 3.0 % 
Caffeine - 0 . 5 % 
Caffeine - 1.0 96 
Caffeine - 1.5 % 
Caffeine - 2 .0 % 
Caffeine - 2 . 5 % 
Caffeine - 3.0 % 
8.0 - 10.0 8.60 1 Cf.71 
y , 8 - 11.0 8 .76 + 1.15 
s'.O - 11.2 8.82 + 1.20 
y.O - 9 .0 8.20 + 0 . 6 7 
7 .0 - 8 .6 8.10 + 0 . 5 7 
5^5 > 7 .1 6.84 + 0 .21 
5*3 _ 6 . 3 6.00 + 0 . 3 6 
6.9 -
7 .2 -
7.4 -
6.8 -
6.5 -
5.8 -
6 .3 -
6 .5 -
6.9 -
6 .5 -
6 .3 
4.9 
9 .0 7 .68 + 0 .76 
9 .0 B.10 + 0 .58 
8 .6 7 . 8 6 + 0 . 4 2 
8 .0 7 .44 + 0 .45 
7.9 7 .26 + 0 . 5 2 
7 .0 6.42 + 0 .45 
8.0 7.30 + 0 .64 
8 .5 7 . 2 4 + 0 . 6 7 
7 . 8 7 . 2 8 + 0 . 3 3 
7.2 6 .94 + 0 .23 
6 .7 6 . 4 6 + 0 . 1 3 
Cv(%) 
- 6 .0 5 . 7 0 + 0 . 4 2 
8.35 
13.16 
13.69 
8.27 
7 .07 
3.07 
6.05 
9.99 
7.19 
5 .43 
6.16 
7 .21 
7 .13 
8 .83 
9 .26 
4.54 
3.36 
2.09 
7.52 
Table - 10 
Length of Seedlings (cm) in control and treated materials 
in the variety 'Ankur' of Glycine max (L.) Merrill. 
Treatment Range Mean ± S.D. Cv(%) 
Control 
m s - 0 .5 % 
MMS - 1.0 9^  
MMS - ^,3 % 
MMS - 2 . 0 % 
ms ^ 2.5 % 
MMS - 3.0 96 
DES - 0 . 5 96 
DES - 1.0 % 
DES - 1.5 % 
DES - 2 . 0 % 
DES - 2 . 5 96 
DES - 3.0 % 
Caffeine - 0. 
Caffeine - 1. 
Caffeine - 1. 
Caffeine - 2. 
Caffeine - 2. 
Caffeine - 3. 
,5 % 
,0 % 
.5 96 
,0 96 
.5 96 
,0 96 
8 .5 
7 . 3 
8.2 
7.2 
6 .8 
6 .8 
5.0 
6 .7 
7 ,1 
7.2 
6 .6 
6.0 
5.0 
6.2 
6 .5 
6 .8 
6 .5 
6.2 
4 .7 
— 
-
-
-
-
-
— 
-
-
-
— 
— 
— 
— 
— 
-
— 
— 
"" 
10.0 
11.1 
11.2 
9 .1 
8 .6 
7,2 
6 .5 
9 .0 
9 .0 
8.2 
7 .5 
7 .9 
7 .0 
8.0 
8 .3 
7 . 8 
7.2 
6 .7 
6.0 
8.58 + 
8.76 + 
8.78 + 
8.20 + 
8.06 ± 
6.86 + 
5.82 + 
7 .50 > 
7.50 + 
7 .66 + 
6.92 1 
7.22 + 
6.26 1 
7 .28 + 
7.20 + 
7.22 + 
6.96 + 
6.42 + 
5.64 + 
0 . 7 3 
1.27 
1.22 
0 .65 
0 .66 
0 .21 
0 .51 
0.79 
0 .64 
0 .35 
0 .31 
0 .67 
0 .68 
0 .71 
0 .59 
0 .34 
0 .24 
0 ,17 
0 .48 
8.51 
14.50 
13.93 
7.97 
8.21 
3.14 
8.92 
10.59 
8.04 
4 .64 
4.60 
9 .36 
10.86 
9 .88 
8.28 
4.82 
3.47 
2.67 
8.58 
Table - 11 
Length of Seedlings (cm) in control and treated materials 
in the variety •PK-262' of Glycine max (L.) Merrill. 
Treatment Range Mean + S.D. Cv{%) 
C o n t r o l 
MMS -
ms -
MMS -
MMS -
MI-IS -
MMS -
DES -
DES -
DES -
DES -
DES -
DES -
0 . 5 
1.0 
% 
% 
1.5 % 
2 . 0 
2 . 5 
3 . 0 
0 . 5 
1.0 
1.5 
2 . 0 
2 . 5 
3 . 0 
C a f f e i n e -
C a f f e i n e -
C a f f e i n e -
C a f f e i n e -
C a f f e i n e -
C a f f e i n e -
% 
% 
% 
% 
% 
% 
% 
% 
% 
- 0. 
- 1. 
- 1< 
- 2 . 
- 2 . 
- 3. 
5 
.0 
.5 
,0 
.5 
,0 
% 
% 
% 
% 
% 
% 
8 . 6 
7 . 2 
8 . 1 
7 . 1 
6 . 7 
6 . 7 
5 .0 
6 .2 
7 . 0 
7 . 1 
6 . 5 
6 . 3 
A. 8 
6 , 1 
6 . 4 
6 . 3 
6 .2 
6 . 5 
4 . 5 
- 1 0 . 2 
- 1 0 . 5 
- 1 0 . 9 
- 9 . 2 
- 8 . 7 
- 7 . 1 
- 6 . 3 
- 9 . 1 
- 9 . 7 
- 8 . 2 
- 7 . 4 
- 7 . 8 
- 7 . 1 
- 8 . 1 
- 8 .2 
- 8 . 0 
- 7 . 7 
- 6 . 7 
- 5 .9 
8 . 7 4 
8 . 3 0 
8 .70 
8 . 1 0 
8 . 0 8 
6 . 7 8 
5 .70 
7 . 5 0 
7 . 9 8 
7 . 5 2 
6 .90 
7 . 2 0 
5 . 8 8 
7 . 0 6 
7 . 0 8 
7 . 2 8 
7 . 3 0 
6 .62 
5 .52 
^ 
^^  
_+ 
_+ 
jf 
j f 
jf 
;f 
_+ 
H^  
_+ 
_+ 
_+ 
jh 
jf 
jf 
^ 
^^  
^ 
0 . 7 7 
1.19 
1.11 
0 . 6 7 
0 . 7 2 
0 . 2 3 
0 . 4 8 
0 . 9 6 
0 . 9 6 
0 . 3 7 
0 . 3 0 
0 . 5 0 
0 . 8 7 
0 . 6 4 
0 . 6 1 
0 . 5 5 
0 . 5 5 
0 . 6 7 
0 . 5 2 
8 .82 
1 4 . 4 3 
12 .82 
8 . 3 0 
8 . 9 3 
3 .41 
8 .59 
1 2 . 8 7 
1 2 . 0 3 
5 .00 
4 . 3 9 
7 . 0 2 
1 4 . 7 8 
9 . 1 6 
8 . 6 3 
7 . 6 4 
7 . 6 0 
10.12 
9 . 4 7 
Plant height (cm) 
variety 'Alankar' 
Treatment 
Control 
ms -
ms -
ms -
ms -
ms -
ms -
DES -
DES -
DES -
DES -
DES -
DES -
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
Caffeine • 
Caffeine • 
Caffeine -
Caffeine • 
Caffeine • 
Caffeine • 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
- 0, 
- 1. 
 1. 
- 2< 
- 2, 
- 3. 
.5 
.0 
.5 
.0 
.5 
,0 
% 
% 
% 
% 
% 
% 
Table 
in control 
- 12 
and treated mater 
of Glycine Max (L.) Merrill. 
Range 
80 
75 
71 
70 
67 
62 
50 
72 
70 
70 
67 
65 
60 
74 
72 
70 
69 
60 
51 
- 92 
- 90 
- 82 
- 84 
- 80 
- 72 
- 56 
- 83 
- 82 
- 81 
- 73 
- 74 
- 71 
- 81 
- 86 
- 82 
- 80 
- 67 
- 59 
Mean ± 
84.8 + 
83.8 + 
77.6 ± 
77.2 + 
74.4 + 
69.0 + 
53.4 + 
78.4 + 
76.0 + 
75.4 + 
70.8 + 
71.6 + 
66.6 1 
78.2 + 
77.8 + 
77.0 + 
73.8 + 
65.0 ± 
55.4 + 
S.D. 
5.70 
5.49 
4.12 
5.63 
4.88 
3.63 
1.95 
4.36 
4.42 
4.12 
2.13 
3.49 
3.72 
2.48 
6.30 
4.69 
4.16 
2.60 
2.57 
•ials in the 
Cvi%) 
6.72 
6.55 
5.31 
7.30 
6.56 
5.26 
3.66 
5.56 
5.82 
5.47 
5.01 
4.88 
5.58 
3.77 
8.10 
6.09 
5.64 
4.01 
4.65 
Table - 13 
Plant height(cin) in control and treated material in the 
variety 'Ankur* of Glycine max (L.) Merrill. 
Treatment 
Control 
ms -
MMS -
ims -
MMS -
ms -
MMS -
DES -
DES -
DES -
DES -
DES -
DES -
0.5 % 
1.0 % 
1.5 % 
2.0 % 
2.5 % 
3.0 % 
0.5 % 
1.0 % 
1.5 % 
2.0 % 
2.5 % 
3.0 % 
Caffeine - 0. 
Caffeine - 1. 
Caffeine - 1. 
Caffeine - 2. 
Caffeine - 2. 
Caffeine - 3. 
,5 
,0 
,5 
,0 
5 
0 
% 
% 
% 
% 
% 
% 
-
Range 
95 
95 
90 
90 
87 
85 
80 
97 
95 
95 
90 
86 
79 
96 
94 
91 
90 
87 
78 
— 
-
-
— 
— 
— 
— 
— 
— 
-
— 
-
— 
— 
— 
— 
— 
-
105 
102 
103 
997 
97 
95 
89 
103 
102 
101 
99 
94 
87 
105 
100 
100 
99 
93 
85 
Mean + S. D. 
100.2 
98.8 
98.2 
94.2 
93.2 
91.0 
85.0 
100.8 
98.4 
97.6 
94.2 
90.4 
83.8 
100.0 
97.8 
95.6 
95.2 
90.0 
81.0 
+ 
_+ 
_+ 
jf 
Hh 
jf 
_+ 
^ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
Hh 
_+ 
+^ 
± 
+ 
3.65 
3.18 
4.87 
3.05 
3.48 
3.57 
3.40 
2.40 
2.65 
2.41 
3.05 
2.72 
3.24 
3.46 
2.13 
3.38 
2.99 
2.52 
2.60 
Cv(?6) 
3.64 
3.22 
4.96 
3.24 
3.74 
3.93 
4.00 
2.38 
2.69 
2.47 
3.24 
3.01 
3.87 
3.46 
2.18 
3.53 
3.14 
2.78 
3.21 
Table ~ 14 
Plant helght(cm) in control and t r ea ted mater ia ls in the 
var ie ty ' S h i l a j e e t ' of Glycine max (L.) Mer r i l l . 
Treatment 
Control 
ms -
MS -
WAS -
MMS -
MMS -
MMS -
DES -
EES -
EES -
DES -
DES -
DES ~ 
0,5 % 
1.0 % 
1.5 % 
2.0 % 
2.5 % 
3.0 % 
0.5 % 
1.0 % 
1.5 % 
2.0 % 
2,5 % 
3.0 96 
Caffeine - 0, 
Caffeine - 1. 
Caffeine - ^. 
Caffeine - 2. 
Caffeine - 2. 
,5 
,0 
5 
,0 
.5 
Caffeine - 3.0 
% 
% 
% 
% 
% 
% 
Range 
50 -
50 -
47 -
48 -
45 -
44 -
40 -
49 -
49 -
47 -
49 -
43 -
38 -
46 -
47 -
45 -
46 -
40 -
40 -
61 
54 
57 
56 
52 
52 
46 
58 
57 
58 
55 
51 
45 
57 
56 
52 
50 
45 
47 
Mean 
55.6 
54.8 
51.4 
51.8 
49.2 
48.2 
43.6 
53.6 
53.6 
54.9 
51.8 
47.4 
42.4 
50.4 
50.0 
48.0 
47.8 
42.8 
43.2 
_+ 
^ 
jf 
4; 
+ 
_+ 
_+ 
_+ 
_+ 
+ 
_+ 
Hh 
jf 
_+ 
j+ 
+; 
_+ 
+ 
_+ 
jj; 
S.D. 
3.77 
3.31 
3.72 
2.92 
2.63 
2.85 
2.24 
3.26 
2.80 
3.81 
2.03 
2.87 
2.65 
3.82 
3.28 
2.60 
1.46 
2.03 
3.18 
Cv(%) 
6.78 
6.04 
7.23 
5.64 
5.36 
5.92 
5.14 
6.08 
5.22 
7.04 
3.93 
6.05 
6.25 
7.59 
6.57 
5.43 
3.07 
4.76 
7.37 
Table - 13 
Plant height(cm) in control and treated material in the 
variety 'PK-262' of Glycine Max (L.) Merrill. 
Treatment 
Control 
MIvlS -
M S -
MMS -
^MS -
M S -
M S -
DES -
DES -
lES -
EES -
DES -
EES -
Caffe, 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
0.5 
% 
% 
% 
% 
% 
% 
% 
1.0 % 
1.5 
2.0 
2.5 
3.0 
ine -
Caffeine -
Caffeine -
Caffeine -
Caffeine -
Caffeine -
% 
% 
% 
% 
- 0, 
- 1, 
- 1. 
- 2. 
- 2. 
- 3. 
.5 
,0 
.5 
,0 
.5 
,0 
% 
% 
% 
% 
% 
% 
Range 
80 
80 
78 
75 
77 
70 
68 
79 
77 
78 
75 
72 
67 
80 
79 
80 
76 
74 
65 
— 
-
— 
-
-
-
— 
— 
— 
-
— 
-
— 
— 
— 
-
-
— 
• 
89 
88 
85 
86 
81 
82 
80 
87 
87 
84 
82 
81 
74 
83 
84 
83 
81 
79 
72 
Mean 
85.2 
84.4 
81.8 
81.0 
79.2 
73.8 
75.6 
83.2 
82.6 
81.8 
79.2 
76.8 
70.6 
81.6 
82.0 
81.4 
79.4 
76.6 
70.0 
^ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
_+ 
j+ 
± 
^ 
_+ 
_+ 
_+ 
^ 
jf 
S. D. 
3.65 
3.38 
2.48 
3.57 
1.60 
4.53 
5.08 
2.85 
3.72 
2.03 
2.71 
3.60 
2.33 
1.01 
2.09 
1.01 
1.05 
2.24 
2.60 
Cvi%) 
4.22 
4.00 
3.03 
4.41 
2.02 
5.75 
6.72 
3.43 
4.50 
2.49 
3.42 
4.68 
3.30 
1.24 
2.55 
1.25 
2.33 
2.93 
3.72 
Table - 16 
Number of pods/plant in control and treated materials in 
the variety 'Alankar' of Glycine max (L.) Merrill. 
Treatment 
Control 
ims -
MMS -
ms -
M S -
ms -
ms -
DES -
DES -
DES -
DES -
EES -
DES -
0 . 5 
1.0 
1.5 
2 . 0 
2 . 5 
3 .0 
0 . 5 
1.0 
1.5 
2 . 0 
2,^ 
3 .0 
Caffeine -
Caffeine -
Caffeine -
Caffeine -
Caffeine -
Caffeine -
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
% 
- 0. 
- 1. 
- 1. 
- 2. 
- 2. 
• 3 . 
5 
0 
,5 
.0 
5 
,0 
% 
% 
% 
% 
% 
% 
Range 
8 
10 
13 
17 
19 
21 
21 
13 
15 
17 
18 
23 
h 
13 
15 
21 
24 
2 3 
19 
— 
-
-
-
— 
— 
— 
— 
-
-
-
— 
— 
— 
-
— 
-
-
14 
18 
19 
21 
29 
33 
33 
21 
2 3 
23 
29 
37 
27 
19 
2 3 
27 
29 
39 
35 
Mean 
12.8 
12 .4 
15.6 
19.2 
23 .8 
26 .4 
26 .6 
17.0 
18.2 
19.4 
2 2 . 4 
27.2 
2 4 . 4 
16,2 
19.4 
23.2 
26 .8 
30.6 
2 7 . 4 
_+ 
_+ 
_+ 
^ 
^ 
i 
jf 
^ 
j+ 
H^  
jf 
_+ 
^ 
_+ 
_+ 
+ 
_+ 
4; 
+ 
+ S. D. 
3.24 
3.00 
2.49 
1.6 
3.70 
3.97 
4 .27 
2 .75 
2 .71 
2 . 3 3 
4 .07 
5.38 
2 . 3 3 
2 . 0 3 
2 .65 
2 .56 
1.60 
5.71 
6.49 
Cv(%) 
25.38 
24.19 
16.01 
8 .33 
15.58 
15.07 
16.05 
16.21 
14.90 
12.02 
18.21 
19.78 
9.55 
12.53 
13.67 
10.85 
5.97 
18.67 
23.71 
Table - 17 
Number of p o d s / p l a n t i n c o n t r o l and t r e a t e d m a t e r i a l s in 
t h e v a r i e t y 'Ankur ' of Glycine max (L . ) M e r r i l l . 
Treatment Range Mean + S.D. Cv(?^ o) 
Control 9 - 1 9 
MMS - 0 .5 % 15 - 22 
MMS - 1.0 % 17 - 23 
MMS - 1.5 % 2 0 - 2 9 
m s - 2 . 0 96 1 7 - 3 0 
MMS - 2 . 5 % 2 7 - 3 5 
MMS - 3.0 % 2 7 - 3 5 
DES - 0 .5 % 1 3 - 1 9 
DES - 1.0 % 1 3 - 2 1 
DES - 1.5 96 1 9 - 2 7 
DES - 2 . 0 96 2 5 - 3 3 
DES - 2 . 5 96 23 - 35 
DES - 3.0 96 2 7 - 3 1 
Caffeine - 0. 5 96 1 1 - 1 9 
Caffeine - 1.0 96 1 3 - 2 1 
Caffeine - 1.5 96 1 7 - 2 7 
Caffeine - 2 . 0 96 1 5 - 3 3 
Caffeine - 2 . 5 96 1 9 - 3 5 
Caffeine - 3.O 96 2 1 - 3 7 
17-0 ±2'^% 
18.0 + 
19.4 + 
23.2 + 
22 .6 + 
30.2 + 
30.4 + 
16.2 + 
16.6 + 
22 .0 + 
2 8 . 8 ± 
30.2 + 
29.2 + 
16.2 + 
17.6 + 
22.2 + 
27 .0 + 
27 .8 + 
29 .0 + 
2 .36 
2 .33 
3.12 
6.08 
2 . 6 3 
2 .65 
2 .03 
3.2 
2.82 
2 .71 
4.11 
1.32 
2 .99 
3.07 
3.70 
6.32 
5.87 
5.51 
13'C^ 
15.14 
12.02 
13.46 
26.92 
8.73 
8.72 
12.59 
19.75 
12.85 
9.41 
13.63 
4.50 
18.47 
17.45 
16.70 
25.42 
21 . 14 
19.00 
Table - 18 
Number of pods/plant in control and treated materials in 
the variety 'Shilaoeet' of Glycine max (L.) Merrill. 
Treatment Range Mean + S. D. Cv(-0 
Control 
MMS -
MI'iS -
MMS -
MMS -
MMS -
M S -
DES -
DES -
DES -
DES -
DES -
DES -
0 . 5 
1.0 
1.5 
2.0 
2 . 5 
3.0 
0 . 5 
1.0 
% 
% 
% 
% 
% 
% 
% 
% 
1.5 % 
2 .0 
2 .5 
3 .0 
Caffeine -
Caffeine -
Caffeine -
Caffeine -
Caffeine -
Caffeine -
% 
% 
% 
' 0, 
- 1. 
- 1. 
- 2. 
- 2. 
- 3. 
.5 
,0 
.5 
,0 
.5 
,0 
% 
% 
% 
% 
% 
% 
13 -
14 -
13 -
13 -
20 -
27 -
26 -
13 -
11 -
21 -
27 -
27 -
26 -
13 -
19 -
19 -
23 -
21 -
21 -
20 
21 
23 
23 
29 
35 
37 
21 
27 
31 
33 
39 
29 
21 
23 
27 
29 
40 
37 
16.0 
16.8 
18.4 
19.8 
24.0 
30.2 
30.0 
17.8 
16.2 
26.4 
28.6 
30.8 
27.2 
16.6 
20.8 
22.8 
26.2 
30.2 
29.8 
HK 
Jh 
jh 
Hr 
_+ 
+ 
jH 
_+ 
_+ 
+^ 
^ 
^ 
^ 
_+ 
_+ 
_+ 
+ 
_+ 
j+ 
2.28 
2 .4 
3.87 
3.70 
3.40 
2.71 
3.68 
3.2 
6.14 
4.07 
2.33 
4.21 
1.02 
3.2 
1.6 
2.99 
2.03 
6.96 
7.22 
14.25 
14.28 
21.07 
18.73 
14.19 
8.98 
12.29 
17.97 
37.93 
15.45 
3.15 
13.68 
3.75 
19.27 
7.69 
13.12 
7.78 
2 3.07 
24.23 
Table - 19 
Number of pods/plant in control and treated materials in 
the variety •PK-262» of Glycine Max (L.) I'ierrill. 
Treatment Range Mean + S. D. Cv(%) 
Control 
MMS -
ms -
MMS -
I'MS -
MMS -
MMS -
DES -
DES -
DES -
DES -
DES -
DES -
0 . 5 % 
1.0 % 
1.5 % 
2 . 0 % 
2 . 5 % 
3 . 0 % 
0 . 5 ?6 
1.0 % 
1.5 % 
2 . 0 % 
2 . 5 % 
3.0 % 
C a f f e i n e - 0. 
C a f f e i n e - 1. 
C a f f e i n e - 1. 
C a f f e i n e - 2 . 
C a f f e i n e - 2 . 
C a f f e i n e - 3 . 
5 
,0 
,5 
0 
5 
,0 
% 
% 
% 
% 
% 
% 
10 
17 
17 
21 
25 
27 
25 
16 
17 
19 
17 
21 
21 
16 
17 
17 
18 
17 
19 
— 
— 
-
— 
-
-
— 
— 
-
-
-
-
— 
— 
-
-
— 
— 
" 
19 
21 
2 3 
27 
33 
39 
43 
19 
2 3 
29 
34 
37 
31 
21 
2 3 
29 
35 
35 
31 
18'o 
1 9 . 4 
2 0 . 2 
2 3 . 0 
2 8 . 2 
3 1 . 0 
3 1 . 4 
1 7 . 0 
2 0 . 2 
2 4 . 0 
2 3 . 2 
2 7 . 2 
2 5 . 6 
1 8 . 4 
2 0 . 0 
2 1 . 2 
2 6 . 0 
2 6 . 0 
2 7 . 2 
i 
^ 
^ 
^ 
H^  
jf 
Hh 
;^ 
Hh 
_+ 
_+ 
+^ 
i 
i 
_+ 
+^  
_+ 
± 
_+ 
Z- lo 
1 .35 
2 . 0 3 
2 . 1 9 
2 . 7 1 
4 . 5 1 
6 . 2 4 
1.09 
2 . 0 3 
3 .57 
7 . 6 5 
6 . 2 0 
3 . 4 4 
1.74 
2 . 0 
4 . 1 1 
6 . 5 1 
7 . 5 3 
4 . 3 0 
\l^C€ 
6 .99 
10 .09 
9 .52 
9 .62 
14 .71 
19 .89 
6 . 4 4 
10 .09 
14 .87 
32 .98 
2 2 . 8 2 
1 3 . 4 4 
9 . 4 7 
10 .00 
19 .42 
2 5 . 0 4 
2 8 . 9 8 
1 5 . 8 3 
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CHAPTER - 5 
FUTURE PLAN OF WORK 
Attempts will be made to obtain improved varieties of 
soybean Glycine max (L.) Merrill., through the induction of 
mutation, colchlploidy and hybridization. The following experi-
ments will be performed and M1, M2, M3, C1, C2, C3, F1, F2, and 
F3 generations will be studied thoroughly from morphological, 
cytogenetical, yield and disease resistance point of view to 
obtain developed and improved strains. 
5.1 Induction of mutation : 
Physical and chemical mutagens will be used on dry 
and pre-soaked seeds. Conparative observations on morphology, 
cytogenetics, yield parameter of treated and untreated materiaLs 
will be recorded for detecting nature and extent of mutations. 
Beneficial mutations will be isolated and tested for stability 
i^to M3 generation. Both physical and chemical mutagens and 
their combinations will be used. 
5.1•1 Induction of mutation using chemical mutagens : 
MMS, Caffeine and DBS will be used in six doses of 0.5, 
1.0, 1.5, 2,0, 2.5 and 3.0% concentration in aqueous solution. 
The treatment will be given for 1A hours, to seeds pre soaked 
in distilled water for 10 hours. These treated seeds will be 
thoroughly washed witii distilled water before being sown in 
pots or in field. 
uo 
5.1.2 Induction of mutations using physical mutagen : 
Dry seeds as well as seeds presoaked In distilled 
water for 10 hours, will be Irradiated with gamma rays In 
doses of 10, 15 and 20 Kr before being sown. 100 seeds wQl 
be taken for each treatment as well as for contix)l. 
5.1. 3 Combined treatments : 
Different chemical mutagens will be given In combi-
nation with gamma rays for effective induction of mutation. 
100 seeds will be used for each treatment. These seeds will 
be treated with mutagens like MMS, DES or Caffeine for 14 
hours, in all pirementioned concentrations. These seeds will 
be thoroughly washed with distilled water and put In petrl-
dishes and then exposed to different doses of irradiation 
(10, 15 and 20 Kr). These seeds will be sown in sterilized 
pots or in field. 
5.2 Induction of Colchiploidv : 
The aim of colchlploidy will be to raise the ploidy 
level in individual and to Induce fertility in sterile allopoly 
plolds. For colchlploidy the following three method will be 
adopted, 
5,2.1 Seeds treatments 
Hundred seed- each in three sets after being soaked 
in the two different concentrations of colchicine for 24 and 
48 hours are taken. The 2 sets of 100 seeds each will be 
k^ 
t rea ted and one se t of 100 seeds wi l l be kept as control . 
The t r ea t ed seeds wi l l be washed with d i s t i l l e d water before 
being sown in pots or in f i e ld . 
5.2.2 Germinated seeds t reatments : 
Hundred seeds each in three se t s wi l l be soaked in 
DEW, 2 s e t s of 100 seeds each (germinated) w i l l be kept moist 
with colchicine solut ion of 0.1 and 0.2% for 24 and A8 hours 
respec t ive ly . The germinated seeds wi l l be washed thoroughly 
with DDV and sown in the pots or in f i e ld . 
5 .2 .3 Growing t i p treatments : 
F i f ty seeds each in 4 r e p l i c a t e s wi l l be soaked in 
DEW for 10 hours then they wi l l be sown in po ts . The t i p s of 
the seedlings wi l l be kept moist with the help of non-absorbent 
cot ton piece kept wet with 0.1 and 0.2% colchicine solut ion for 
24 & 48 hours a t 4-6 leaf s tage. Their t i p s wi l l be washed 
with DEW and the seedlings were allowed to grow. 
Cytogenetical , morphological and o ther yeidl parameters 
wi l l be s tudied, in a l l the cases. 
5. 3 Induction of autopolyploidy 
Attempt wi l l be made to produce the polyplo ids(p lants 
a t higher ploidy leve l ) with b e t t e r f r u i t s and higher yei ld. 
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5. 3.1 InductJlon of amphidlploldy : 
Allopolyploids are produced as a result of crosses 
between two distant relatives, varieties, species or genera. 
These are generally sterile. Their sterility will be over-
come by doubling the chromosome number by using colchicine. 
5,4 Hybridization programme : 
Following varieties of Glycine max (L.) Merrill., 
will be xised for intervarietal crosses with a view to bring 
together desirable characters from different parents. 
a. Alankar 
b . Ankur 
c. Shilajeet 
d. PK-262 
Similarly the following species will be used for 
producing interspecific hybrids (F1). The F2 and F3 genera-
tions will be produced by selfing F1 and F2 generations 
respectively. Morphology, yield and cytogenetics of F1 and F2 
and F3 generations will be studied: 
a. Glycine max (L.) Merrill. 
b. Glycine pentaphylla Dalz. 
c. Glycine .javanica (L.) 
The reciprocol crosses in all the cases will also be 
made to study the pattern of inheritance of characters. 
^3 
5.4.1 Production of F2 and F^ generation hybrids : 
Members of F1 and F2 generations will be selfcrossed 
to produce F2 and F3 generations respectively. These genera-
tions will be studied for desirable gene combinations, produc-
ing better and more fruits. 
5.5 Back crosses : 
The following back crosses will be performed in order 
to transfer desirable qualities from one parent to another. 
S, 5.1 Back crosses of F1 hybrids (BC-1 and BC-2 progeny); 
F1 hybrids of intervarietal and interspecific crosses 
will be back-crossed with their respective parents to produce 
BC-1 generation and the individuals will be self crossed to 
produce BC-2 generation, 
5.5.2 Back crosses of amphidiploids (BC-1 and BC-2 progeny); 
Amphidlplolds will also be back-crossed with their 
respective parents to produce BC-1 generation and they will be 
self-crossed to produce BC-2 generation. 
5, 6 Selection : 
In tens ive se lec t ion experiments wi l l be conducted to 
obtain improved l i n e s . I t i s proposed to adopt both mass 
se lec t ion and progeny se lec t ion methods. 
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5.6,1 Selection from hybrids materials : 
This material will be comprising of interspecific 
and intervarletal hybrids and their progenies (F1, F2 and F3, 
BC-1, BC-2, and BC-3 generations). Suitable selections will 
be made from these different generations. 
5. 6,2 Selection of mutants : 
Mutants (M1) with desirable characters will be self 
crossed to produce M2 and the M2 plants will be self crossed 
to produce M3 generation. From this population stable mutants 
will be selected. 
S. 6, 3 Selection of polyploids : 
Similarly selection will be made from the polyploid 
population, produced through colchiploidy. Plants with 
desirable traits will be isolated (C1) and self crossed to 
produce C2 plants and they will be self crossed to produce C3 
generation. 
5.7 Cytogenetlcal studies : 
Cytogenetic behaviour of the products of the above 
mentioned experiments will be studied. Meiosis in microspore 
mother cell will be conpared with that of control plants. For 
cytological preparations the procedure of Bhaduri and Ghosh 
(1954) will be adopted. The following observations will be 
recorded. 
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5.7.1 Cytogenetics of hybrid materials : 
The material Includes all F1 hybrids as well as 
their progenies. 
a. interspecific hybrids 
b. intervarietal hybrids 
c. Back cross progeny of F1 hybrids 
5.7.2 Cytogenetics of mutants : 
These mutants will be from M1, M2 and M3 generations, 
and their back cross progenies. 
5.7.3 Cytogenetics of polyploids ; 
The polyploids shall include* 
a. Autopolyploids 
b. Ainphidiplolds 
5.8 Breeding for disease resistance : 
Disease resistance of improved varieties will be 
studied and compared with the control and parents. The ability 
of germinating seeds to grow free from pathogens present in 
the soil, will be taken as an indicator of disease-resistance. 
Resistance of plants against the pests will also be noted. 
Resistance will be studied in the following manner. 
a. Resistance against fungal diseases 
b. Resistance egalnst bacterial diseases 
c. Resistance agsinst viral diseases 
d. Resistance against insect pests-
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5.9 Tegtlng and establishing the selections : 
An attempt will be made to start preliminary experi-
ments for testing the selections made during the course of 
this work for determining their genetic purity and consistancy. 
It will be intended to attempt to stabilise different desirable 
characters obtained in selections and then the seeds will be 
released to the farmers through the proper seed releasing 
agencies. 
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